This paper uses an entropy-based information approach to determine if farmland values are more closely associated with urban pressure or farm income. The basic question is: how much information on changes in farm real estate values is contained in changes in population versus changes in returns to production agriculture? Results suggest population is informative, but changes in farmland values are more strongly associated with changes in the distribution of returns. However, this relationship is not true for every region nor does it hold over time, as for some regions changes in population are more informative. Results have policy implications for both equity and eciency.
Introduction and Background
Many studies focus on the linkage between protability and farmland values by analyzing the impact of farm income on farmland values (Alston 1986; Burt 1986 ). Other factors, such as population growth and urban pressure, have become increasingly important determinants of farmland values since the introduction of the New Deal farm programs and the acceleration of growth of urban and suburban areas. At the most basic level, increased urban pressure bids land out of agriculture because the return to agriculture cannot compete with the return to urban uses (Shi, Phipps, Colyer 1997) .
Indeed, Alfred Marshall was amongst the rst to describe a relationship between agricultural land prices and population growth (Marshall 1907, p. 442 ). Marshall reasoned that as the population level increased, demands for agricultural goods would increase leading to greater demand for agricultural land, hence driving up the price of land, which is a xed asset. At the core, Marshall was simply agreeing with the Malthusian notion of population growth. However, the increases in urban and suburban areas also increase the protability of agriculture as producers shift to higher valued output (Livanis et al. 2006 ). Comparing the eect of farm income and population growth on farmland values can be developed by examing the land valuation models of David Ricardo and Johann Heinrich von Thünen. Ricardo's model of farmland values is based on rents or the return to the indestructible characteristics of a particular plot of land. This rent is then dened by the dierential productivity of the land given that all variable factors of production have been paid. In Ricardo's model, the most productive farmland only earns rent after the total demand for output exceeds the quantity of output that can be produced from the best quality of land. Specically, once slightly less productive land is brought into production, the highest quality of land earns a rent equal to the dierence in output. Von Thünen's model is of the same overall design, but considers the fact that distance to an urban center is also an indestructible characteristic of farmland determining its protability. Von Thünen's model posits that land is used to produce commodities based on their value and the distance to the urban center.
In the simplest model land close to the city center is dedicated to the crop with the highest transportation cost. At the margin the prot from its production (i.e., the value in excess of all other costs of production) is equal to the prot net of transportation cost of the next most expensive crop to transport. In this case the Ricardian rent is a decreasing function of the distance to the urban center. Given that farmland can be allocated to urban uses, the von Thünen model also explains several facets of the conversion of farmland to urban uses. Specically, land closer to the urban center is more valuable for conversion than more distant parcels because of the increased expense of commerce and the cost of commuting to the workplace. Some of this value may be oset by the reduction in amenities such as green spaces.
The scope of public policy in agricultural land markets depends on a more intricate understanding of the eect of farm income and urban pressure. While not perfect, some of the most important features can be posited within the context of Ricardo versus von Thünen. If income is the salient factor in determining the value of farm real estate, then government payments which increase the expected return (or reduce the variance of returns) will be eective in supporting land values and maintaining farmer wealth.
However, if urban pressure is more important then policies geared towards stimulating o-farm employment and generating urban growth will be more eective in maintaining farmer wealth. The policy problem is not only one of eciency (how are public funds best directed towards improving wealth?), but one of equity (whose wealth is being enhanced or reduced?). The actual policy response is critical not just for the solvency of the agricultural sector, but increasingly for the performance of real estate investment portfolios and national economic growth.
This paper uses an entropy-based information approach to decompose the spatial and temporal variations in farmland values between changes in agricultural protability and urban growth. In addition to contributing to the literature on factors aecting farmland values, this paper also provides a quantitative contribution by extending the standard use of entropy measures. The entropy metric is generalized to be a function of a compound prior formulated as a convex combination of base priors. The generalization permits for the derivation of an optimization problem to reveal which prior contains more relative information on the posterior distribution. Specically, the compound prior dened in this paper is a convex combination of the shares of information contributed by both farm returns (net value added) and urban pressure (population).
The value of the weighting parameter used in the convex combination of the base priors and solved in the optimization problem determines which prior is relatively more informative. The outcome of the optimization problem can be interpreted as a direct empirical test of the importance of farm income and urban sprawl in explaining farmland values. Entropy oers a robust interpretation of how much information on changes in farm real estate values is contained in changes in population versus changes in re-turns to farm production agriculture. Traditional measure of statistical association, such as simple test statistics and correlations, are convenient in that they function on the basis of linear relations involving continuous variables and/or Gaussian processes.
If any of these conveniences fail, however, results from such measures can be misleading. Moreover, residuals from regression models can suer from a variety of statistical complexities including non-linearity, heterogeneity, spatial auto-correlation, and serial dependence for any number of dierent reasons, such as misspecication of functional form or incorrect specication of expectations. Entropy measures are robust towards unknown non-linearities and non-Gaussian processes (Granger, Massoumi, and Racine 2004, p. 650).
The results are important since they suggest that while population is informative, changes in farmland values are more strongly associated with changes in returns to farmland. However, this relationship is not true for every region nor does it hold over time, as for some regions farm real estate values are more closely associated with changes in population. Hence, policies directed towards building wealth in the farm real estate market will have dierential impacts, depending upon the region aected by the policy.
An introduction to information theory and entropy methods is provided in section 2, followed by an application to farm real estate, and concludes with the derivation of the relative information approach. Then, section 3 describes the data and oers a basic descriptive analysis of the trends and uctuations in farm real estate values and farm returns. In section 4 the empirical results are discussed and interpretations are oered.
The nal section concludes with particular attention to farm policy issues.
Information theory, originating with Shannon (1948) , brought a technical and precise denition of information to the eld of statistics. The technical notion of information states that outcomes conicting with prior expectations should be given more weight than outcomes conforming to prior expectations. Shannon (1948) popularized the notion of entropy as the expected information from a distribution, and developed a quantied measure of information. More generally, entropy measures the uncertainty or volatility of a random variable or distribution (Maasoumi 1993 1 Specically, the cross-entropy metric measures the discrepancy or inequality between two distributions.
The cross-entropy metric is often often referred to as a measure of information inequality, which can be interpreted as a measure of the dierence of information content between distributions (Soo 1994; Soo 2000) . Early applications of the information approach in the economics literature focused on the ability of the entropy measure to forecast distributions (Theil 1965 (Theil , 1967 Tilanus and Theil 1965; Uribe et al. 1966 ). Theil (1979 Theil ( , 1989 ) popularized the information approach in economics using crossentropy to explain income inequality.
The cross-entropy measure is used in this paper to analyze whether the distribution of farm real estate values more closely follows the distribution of population or returns. The cross-entropy measure is not intended to infer causality between popula-1 Many generalizations of Shannon entropy exist, but the Kullback-Leibler function provides a meaningful information quantity that serves as the basis of the empirical application in this paper (Soo and Retzer 2002) . tion or returns on farm real estate values, though such causality may exist. Rather, the information approach is intended to measure how closely related are the distributions of farm real estate values, population, and returns. Measures of the relationship or association between distributions are important in economic forecasting and prediction (Granger, Maasoumi, and Racine 2004) . In the particular application for farm real estate values, one interpretation of the cross-entropy measure is an evaluation of how well the distribution of population or returns forecasts farm real estate values. The cross-entropy metric can be computed rst using population as the prior distribution and then again using returns as the prior distribution. The values of the two sets of information inequalities can then be compared to determine which factor contains more information. The information inequality with the smallest value implies a prior that has more information content. Alternatively, the entropy metric can be generalized to be a function of a compound prior formulated as a convex combination of multiple base priors. By weighting the informational content of each base prior distribution through a single parameter, an optimization problem reveals which prior contains more relative information on the posterior distribution.
Dene the share of state population in a given year as p it , and the share of state farm real estate values in a given year as v st , where s = 1, ...S indicates the number of states and t = 1, ..., T indicates the number of years. Since the population shares and the farm real estate value shares are non-negative and add up to one, they satisfy the properties of a probability and so the cross-entropy metric can be used to measure the amount of information contained in each state's population on farm real estate values. Specically, since p st and v st are the population and farm real estate value shares, respectively, then
where P st is the population level in the s th state in year t and S s P st is the total population level in all S states in a given year. Similarly
where V st is the value of farm real estate in the s th state in year t and S s V st is the total value of farm real estate in all S states in a given year. The total value of farm real estate is given by V st = a st · l st where a st indicates the total acres of farmland and l st is the per acre value of farm real estate in a given state in a particular year.
The cross-entropy metric, dened as J (v : p), measures the discrepancy between the distribution of farm real estate values and the distribution of the population, or more succinctly, J (v : p) measures the expected information of the message that transforms population shares into farm real estate value shares and is given by
The measure J (v : p) is a t × 1 vector of information inequalities containing the in- In order to infer the relative signicance of regional variation in population on farm real estate values, the decomposition property of the information inequality is used.
States can be grouped by geographic region, allowing the information measure to be computed based on within-group and between-group comparisons. Dene the region R g where g = 1, ..., G for the g th region of states so that each state belongs to exactly one region. The population share is P gt and the farm real estate value share is V gt for the g th region where
Further dene ζ st as the share for the s th state in the population of the region to which it belongs and similarly dene η st for the regional farm real estate value share, then
where s R g and g = 1, ..., G. The within-region inequality is given by
The between-region information inequality is given by
The total information inequality is then the sum of the between-region inequality and the average within-region inequality
The within-region measure, J g , is the regional variation in farm real estate values not explained by population changes in region g. The between-region measure, J R , is the information inequality between the G regions, and reects the contribution of inequality due to dierences in individual region means. The average within-region measure is a simple weighted sum of the within-region inequality values.
The information inequality and the regional decomposition above is similarly dened by using farm return shares in place of population shares as the prior distribution. For example, if the annual share of state farm returns is dened by y it then the information inequality using farm returns as the prior is given by
which has the same interpretation as the population prior information inequality, but is based on returns to farmland. Finding the exact least-informative prior using the Kullback-Leibler cross-entropy is generally considered an intractable problem for nite samples, involving an innitely dimensional optimization problem. Spall and Hill (1990) develop an innovative technique for determining least-informative priors by constraining a set of prior distributions as an optimal convex combination. Their method is used here, but is adapted to involve minimization of the cross-entropy measure rather than maximization. Let x 1 , . . . , x k be the set of k priors. The goal is to nd from this set the prior that diverges in distribution from the posterior y the least (i.e., is the most informative). Let Φ = (φ 1 , ..., φ k−1 ) be the set of weighting parameters that satisfy the following conditions
By solving φ k = 1 − k−1 j=1 φ j , each φ k is uniquely determined. The optimal convex combination of priors, z , is found by solving
The new prior given by z = k j=1 φ j x j is dened as the compound prior. The minimization problem in equation 7 nds the values of φ j that result in the convex combination of priors yielding the smallest value of the information inequality. Spall and Hill (1990) show that J (y : z ) is a strictly concave function of φ j for the optimization problem, which guarantees uniqueness of the optimum and permits the use of numerical algorithms to nd the unique solution. The optimal weighting parameters, φ j , are interpreted as the relative information content of the prior distributions. The concept can be thought of as a mapping of information sets; the weighting parameter measures how much information is coming from each set.
To illustrate this approach for the case of the farm real estate value information inequality, the compound prior is dened as a convex combination of the population shares and the farm returns shares so that z = φ·p+(1 − φ)·y, which can be interpreted as a weighted average of the two priors. The optimal combination of the population prior and the returns prior is then found by minimizing
The new optimal compound share is the convex combination of p and y obtained with The regional denitions used to group the 48 coterminous states (excluding Alaska and Hawaii) are the ten farm production regions designated by the Economic Research Service 2 . The population, net value added, and farm real estate values for the ten regions are in Table 1 for the years 1950 and 2008. The relative ranking of each region is indicated in parentheses to provide a regional comparison. The Northeast is consistently the most populous region, while the Southern Plains remain the least populous. In terms of net value added, particularly notable is the stark increase in magnitudes for the individual regions. Most regions saw at least a ten-fold increase in net value added between 1950 and 2008. The Corn Belt and Pacic regions saw the starkest increase in NVA over the time period. Figure 1 illustrates the annual increase in net value added for the ten ERS dened farm production regions. The steadily increasing trend since the early 1970s is apparent, as is the relative magnitude of the 
Results and Discussion
First, population is examined as the prior distribution. The regional information inequality in equation 2 is used to compute the information content of population in explaining farm real estate values for each of the ten ERS dened regions. As the ratio in equation 2 approaches equality, the logarithm approaches zero. In this case real estate shares follow population shares more closely. However, as the information inequality becomes more positive, population shares contain less information on farm real estate values. For ease of interpretations, the results are presented graphically in attributed to the between-region inequality since the between-region inequality has been generally more than 60% of the total inequality. This suggests that most of the dispersion between farm real estate values and population is due to the between-region variation. However, as seen in Figure 4 , the percentage of total inequality that is between-region is declining.
Second, net value added is examined as the prior distribution. Figure 5 presents the within-region information inequalities using net value added as the prior distribution.
Generally, the inequality values are quite small and similar across all regions, with a bound of less than 0.05 as an inequality value. The values are much smaller than the population information inequalities in Figure 3 , indicating that net value added and farm real estate values follow one another more closely in distribution than population. The Appalachia and Mountain states are the notable exceptions. In the 1970s, the inequalities for the Appalachia and Mountain regions diverged from the remaining regions. The 2008 values of the inequalities are more than 10 times the magnitude of the 1950 values for both the Appalachia and Mountain regions. This suggests that since the 1970s, net value added has contributed less information to farm real estate for these two regions compared to the other regions. Figure 6 presents the decomposition of the inequalities. The general overall dispersion between farm real estate and net value added has been increasing over time from 1950 -2008. This suggests that farm real estate and net value added have diverged in distribution over time.
Results imply that while NVA remains more descriptive of farm real estate than population as given by the smaller inequality values, the information content of NVA has begun to break down. Moreover, the upward trend in the overall dispersion has not been a steady increase since the overall dispersion has uctuated between ups and downs, as seen in Figure 6 . This suggests that the relationship between farm real estate and NVA may be sensitive to other factors and so is not as stable as that between population and farm real estate. The between-region and average within-region inequalities have also increased over time. This implies that regions are becoming less alike and that states within regions are also becoming less alike in terms of net value added. The contribution to the overall dispersion between farm real estate and NVA is mostly attributed to the between-region inequality since the between-region inequality is more than 60% of the total inequality, at least until 1990. Since 1990, the betweenregion inequality is around 50% of the total inequality, suggesting the between-region and the average within-region variation in the dispersion between farm real estate and NVA contribute equally to the total variation. Lastly, the information inequality is re-computed based on a new compound prior share dened as an optimal convex combination of the population and net value added shares. The solution to the minimization problem in equation 8 is obtained using the BFGS descent algorithm. The value of φ from the minimization problem indicates the relative information content of each share. If φ is closer to 1, then population has more information content, if φ is closer to 0 then net value added has more information content. This was done for the U.S. overall and for each individual farm region over three time periods (1950-2008, 1950-1979, and 1980-2008) . The estimates of φ for the U.S. and for each farm region over the three time periods are reported in Table 2 .
Over the whole time period , generally φ is closer to 0 than to 1, suggesting that net value added and farm real estate values follow each other more closely in distribution than population and so NVA has more relative information content.
The value of the weighting parameter is remarkably similar for the Delta, Mountain, Northern Plain, Southern Plain, and Pacic regions (between 0.26 and 0.35). This suggests that the relative association, or relative information content, of NVA with farm real estate values is about the same for these regions. There are, however, notable exceptions. For the Northeast region, the value of φ is 0.06 which suggests that population contributes nearly no relative information content to changes in the distribution of farm real estate values for this region. For the Southeast region the value is 0.52, suggesting both population and NVA contribute roughly equal information content to changes in the distribution of farm real estate. The value of φ for the Appalachia region is 0.66, implying population is actually more informative than net value added. The large value of φ for the Appalachia region is particularly interesting, given the strong upward trend in total farmland values for this region since 2002.
The optimization problem in equation 8 is re-computed for two distinct time periods (1950-1979 and 1980-2008) . As can be seen by scanning over the values of φ for each region between the two time periods, the relative information content of population and net value added is not static over time but in fact is changing over time, as evidenced by the shifting values. More importantly, the dynamic change in the relationship between farm real estate, population, and net value added diers by farm region. For the Pacic region, φ was 0.08 for the 1950-1979 time frame indicating that compared to NVA population was relatively uninformative. However, for the 1980-2008 period the value of φ is 0.56, suggesting that now population provides more relative information than net value added. The Appalachia region tells a similar story.
Conversely, before 1980, population was relatively more informative than NVA for farm real estate values in the Northern Plain and Southeast regions. Interestingly, this association shifted after 1980 with NVA being the more important factor. The importance of population has increased for the U.S. overall as φ increased from 0.02 before 1980 to 0.13 for the years after 1980. However, net value added remains far more informative than population in explaining U.S. farm real estate values overall. For some regions the relationship has not changed very much over time, which include the Northeast, Corn Belt, Mountain, Southern Plains, and Lake regions. While φ diers in magnitudes for each of these regions, they are all less than 0.50, suggesting that net value added is the more important factor than population in explaining farm real estate values.
Clearly, the distributional relationship of population and net value added with farm real estate values not only diers through time, but is variable between geographic regions as well. This relationship tends to shift in both strength and direction, depending on the time frame and region. While the actual causes of these shifts is an interesting empirical question itself (and outside the scope of this paper), the results have important policy implications. If the goal is to enhance wealth through the farm real estate market (beneting both the agricultural sector and farmer wealth) a blanket public policy, such as stabilizing farm income via government payments, may be too blunt an instrument. Given the results for the Appalachia and Pacic regions (and to a lesser extent the Southeast region), the inuence of population is relatively more important than farm income. Policies that generate urban growth and o-farm wealth may be more successful at stimulating increases in farm real estate values for these regions.
Results here demonstrate that the scope of public policy in the agricultural land market depends on which factor is the intended tool of public policy. If the policy is intended to increase farm wealth through government payments, then the benets will accrue to farm real estate values through residual returns. Both population and prots can create resource rents, both in the short-run, and possibly in the longerterm. The entropy approach in this study determines whether changes farm real estate values are more associated with changes in prots or with changes in urban sprawl, over space and time. While population is informative, changes in farmland values overall are more strongly associated with changes in returns to farmland. But this is not the whole story. Since the results suggest that changes in the distribution of population are the more salient factor for farm real estate values in the Appalachia and Mountain regions, then policies directed towards promoting o-farm income and employment, and thereby stimulating urban growth, are more appropriate. That is, a blanket national policy will not likely be equally eective when applied to all farm regions. Rather, results here suggest farmland policies that are designed on a regional rather than a national basis.
Conclusions
This paper builds on the copious work on farmland values, focusing on the relative importance of urban pressure (as described by population) versus farm returns (as described by net value added). An information approach is used based on an entropy measure to assess the relative importance, or information content, of each factor to farm real estate values. Three contributions are oered by this paper. First, the paper contributes a relative information measure that generalizes the the standard information approach to be a function of multiple prior distributions. The generalization permits for the derivation of an optimization problem to reveal which factor (population or income) Lastly, the results are important since they suggest that while population is informative, changes in the distribution of farm real estate values are more closely associated with changes in farm returns. Moreover, the information content of population and net value added is not static over time but in fact is a dynamic process. More importantly, the dynamic change in the relationship between farm real estate, population, and net value added diers by farm region. In the aggregate, overall national changes in farm-land values are more strongly associated with changes in returns to farmland (though population has become relatively more informative over time). However, the disaggregation of the relationship over both time and region reveals that this is not always the case. For some regions, population has become less informative (Lake, Northern Plains, Southeast, Delta Southern Plains) but more informative for others (Northeast, Corn Belt, Appalachia, Mountain, and Pacic). Additionally, while farm income seems to be the more predictive factor in most of the farm regions, population is more informative for the Appalachia region and more recently for the Mountain and Southeast regions.
The scope of public policy in the agricultural land market depends on which factor the policy is intended to operate through. If the policy is intended to increase farm wealth through government payments, for example, then the benets will accrue to farm real estate values through residual returns. However, this is not the whole story. Since the results suggest that changes in the distribution of population are the more salient factor for farm real estate values in the Appalachia and Mountain regions, then policies directed towards promoting o-farm income and employment, and thereby stimulating urban growth, are more appropriate. In other words, a blanket national agricultural policy may be too blunt an instrument to be eective towards promoting the vitality of the farm real estate market. 
